Economic development and the effects of family characteristics on mathematics achievemer

Schiller, Kathryn S;Khmelkov, VIadimir T;Wang, Xiao-Qing
Journal of Marriage and Family; Aug 2002; 64, 3; ProQuest Central

pg. 730

KATHRYN S. SCHILLER

State University of New York—Albany

VLADIMIR T. KHMELKOV AND XIAO-QING WANG
University of Notre Dame

Economic Development and the Effects of Family

Characteristics on Mathematics Achievement

This article explores the relationship between na-
tions’ level of economic development and the in-
fluence of adolescents’ social backgrounds on
their academic achievement. Using data from the
Third International Mathematics and Science
Study (TIMSS), the authors found that the positive
effect of higher parents’ education on middle-
school students’ mathematics test scores is re-
markably consistent among the 34 nations exam-
ined. In contrast, the relative advantage of living
in a traditional family for mathematics achieve-
ment varies systematically between nations, being
significantly greater in those with stronger econ-
omies. Although the influence of socioeconomic
status on educational stratification does not ap-
pear to change, the deepening academic disad-
vantage of living with only one natural parent in
more developed nations may result from margin-
alization of families in these societies.

During the past 25 years, many sociologists and
policy makers became concerned with the rela-
tively poor academic performance of American
school children. which has been partially attribut-
ed to an increasing number of nontraditional fam-
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ilies (Astone & McLanahan, 1991; McLanahan &
Sandefur, 1994). The assumption is that children
living with only one parent, or a stepparent, lack
access to social and economic resources vital for
academic achievement and success in school. The
rising numbers of children living with single par-
ents in other Western nations has increased inter-
national interest in the relationship between family
structure and children’s academic success (Coch-
ran, Larner, Riley, Gunnarsson, & Henderson,
1993; Pong, 1996). However, most studies of fam-
ily structure are limited to only a few nations and
do not explore the impact of economic develop-
ment, culture, or public policy on the relative dis-
advantage of living in a nontraditional family.

[n contrast, comparative education research has
a long tradition of exploring cross-national differ-
ences in the effect of children’s socioeconomic
background on their academic achievement and
educational attainment. One continuing debate
concerns the impact of economic development on
the association between parents’ socioeconomic
status and their children’s academic success (Bak-
er, Goesling, & LeTendre, in press; Blossfeld &
Shavit, 1993; Heyneman, 1980; Simmons & Al-
exander, 1978). These arguments revolve around
whether increasing economic and human resourc-
es in a nation alters the role of families, particu-
larly the importance of social and motivational
support for children, in educational stratification.
If economic development influences the process
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of intergenerational transfer of socioeconomic sta-
tus, then it may also affect the relative disadvan-
tage of living in a nontraditional family,

The analyses in this article explore variation in
the relationships between two aspects of adoles-
cents’ social backgrounds: (a) their parents’ edu-
cation, and (b) family structure, as well as mathe-
matics achievement across 34 nations participating
in the Third International Mathematics and Science
Study (TIMSS). Using information from over
200,000 middle-school students (modal age is 13
years old), we examine the extent to which perfor-
mance on the TIMSS mathematics test is related to
these two indicators of adolescents’ social back-
grounds after taking into account their academic
ability and orientation toward schooling. Hierar-
chical Linear Modeling (HLM) is used to deter-
mine the extent to which variations in the effects
of parents’ education and family structure on math-
ematics achievement are related to national levels
of economic development.

SoCIAL BACKGROUND AND
MATHEMATICS ACHIEVEMENT

In the quarter of a century between 1972 and
1997, the percentage of 6- to 12-year-olds living
with only their mothers doubled from 12% to 24%
in the United States (National Center for Educa-
tion Statistics [NCES), 1999). At the beginning of
the new millennium, about half of all American
children under 18 vears old were estimated to
have spent some time in a single-parent house-
hold, some from birth and many others as a result
of separation and divorce. During the same period,
other nations also experienced dramatic increases
in single-parent families. By 1980 in Sweden, for
example, a quarter of the families with young chil-
dren contained only one parent (Cochran, Larner,
Riley, Gunnarsson, & Henderson, 1993). Regard-
less of whether their single parent later marries,
these adolescents have a greater risk than those
living in traditional families of becoming teenage
parents or getting in trouble with the law (Mc-
Lanahan & Sandefur, 1994). Adolescents from
nontraditional families are also more likely than
those living with both their natural parents to ex-
perience academic difficulties (Lee, 1993), drop
out of high school (Astone & McLanahan, 1991),
and not complete a college degree (McLanahan &
Sandetur).

Sociologists have developed two parallel ex-
planations for why family structure influences
children’s success in school. One explanation fo-
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cuses on the social dynamics within families, par-
ticularly the relationship between children and
their parents. Both single-parent and stepparent
families are often characterized as particularly
stressful situations for children, partly as a result
of high levels of interpersonal conflict (Sandefur
& Wells, 1999). Single parents also often encoun-
ter difficulties providing their adolescents with
emotional and other support (Astone & Mc-
Lanahan, 1991) and adequately supervising their
activities (Sandefur & Wells). A new spouse fre-
quently exacerbates these difficulties by placing
additional demands on the former single parent’s
time and energy (Sandefur & Wells). Thus, the
argument goes, some children come to school
with disadvantages arising out of social deficien-
cies inherent in the structure of their families.

In contrast, the other explanation focuses on
the relationship between family structure and ac-
cess to financial and community resources. The
relative economic deprivation of single-parent
families accounts for a significant proportion of
the difference in academic achievement and at-
tainment between adolescents in these and tradi-
tional families (Lee, 1993; McLanahan & Sande-
fur, 1994). Single parents also tend to have limited
access to extended networks of relatives and
friends, who often provide emotional and other
types of support (Cochran et al., 1993). Although
a family’s economic and social conditions may
improve when a single parent marries, stepchil-
dren’s access to vital financial and social resources
still tends to be more limited than that of children
living with both their natural parents (Sandefur &
Wells, 1999). According to this perspective, im-
proving access to external financial and social re-
sources should help children from nontraditional
families overcome their academic difficulties.

Similar arguments concerning the influence of
family dynamics and access to external resources
are put forward to explain why children of highly
cducated parents tend to excel academically and
socially. Sociologists argue that children’s likeli-
hood of success in school and work is affected by
differences in the values, expectations, and skills
that parents may transmit to them (Sewell & Hau-
ser, 1980). Parents with a college degree, for ex-
ample, are more likely than parents with only a
high-school diploma to check their children’s
homework and discuss school experiences with
them (Muller & Kerbow, 1993). The success of
these parents’ children may reflect family values
supporting hard work in school and high expec-
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tations of academic success, as well as the aca-
demic skills and experiences of parents.

Parents’ education, like family structure, is also
related to access to financial and social resources
that parents can use to further their children’s ed-
ucational careers. Greater financial resources al-
low more educated parents to purchase better
homes, health care, and educational services. In
addition, their experience and knowledge of the
school system permit them to be more effective
managers of their children’s educational careers
(Baker & Stevenson, 1986). More educated par-
ents, for example, who are unable to afford private
school tuition may still effectively insist their chil-
dren be assigned to gifted programs, college pre-
paratory courses, or classes of particularly good
teachers in public schools. In contrast, children of
less well-educated parents are likely to have lim-
ited access to quality educational services, wheth-
er because of the schools they attend or the classes
to which they are assigned.

EconoMIC DEVELOPMENT AND
EDUCATIONAL STRATIFICATION

The two distinct perspectives—focusing on defi-
ciencies within families versus differential access
to external resources—provide little insight into
the impact of broader social, political, and histor-
ical contexts in which families and schools are
embedded. Economic development, in particular,
may influence the process of educational stratifi-
cation through changes in the availability of eco-
nomic resources, demographic trends, and cultural
or financial inequality (Heyneman & Loxley,
1983). Whether the effects of economic develop-
ment weaken or strengthen the association be-
tween adolescents’ social background and aca-
demic success is hotly debated.

The classic modernization theory proposes that
economic development alters the process of edu-
cational stratification by increasing the importance
of individual talent and effort for academic and
occupational success (Parsons, 1970). More de-
veloped nations have the economic resources to
establish institutional infrastructures that provide
at least minimal levels of educational and other
services important for adolescents’ academic suc-
cess (Blossfeld & Shavit, 1993). These increasing
educational opportunities should allow motivated
and able adolescents from all social groups to pro-
gress in school. Thus, the influence of social back-
ground on academic achievement should decrease
with the rise of meritocracies in more economi-
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cally developed nations (the rising meritocracy
hypothesis).

Some cross-national research, however, indi-
cates that the relationship between children’s so-
cial backgrounds and academic achievement is
stronger in developed nations compared to devel-
oping nations (Heyneman & Loxley, 1983; Sim-
mons & Alexander, 1978). Coleman (1990) ar-
gued that industrialization removes families from
a society’s economic core, reducing incentives for
parents to invest in their children. Ironically, in-
tangible resources such as parents’ time and at-
tention that support children’s academic efforts
become scarce at the same time tangible resources
such as schools and textbooks become universally
available. A strong economy may also affect a
nation’s social system through, for example, high-
er rates of residential mobility that reduce the sta-
bility of social networks. which provide external
supports especially important to single parents
{(Cochran et al.. 1993). Thus, paradoxically, an in-
dividual child’s academic achievement should be
more strongly influenced by his or her social
background as economic development marginal-
izes the financial and social functions of families
in a society (the marginalized families hypothe-
SiS).

Recent cross-national studies, however, found
no differences related to nations’ levels of eco-
nomic development in the association between
children’s social background and their academic
achievement or attainment (Baker et al., in press;
Blossfeld & Shavit, 1993). Despite the dramatic
expansion of educational opportunities in devel-
oped nations, more affluent parents still maintain
the ability to pass their educational advantage on
to their children (Bowles & Gintis, 1976). Other
social changes. such as government policies or
high rates of immigration, may temporarily dis-
rupt this pattern of social reproduction. Once a
new elite is established, however, its members
may use their advantages to pass their social status
on to their children. Thus, the influence of social
background on academic achievement should re-
main fairly stable regardless of economic devel-
opment (the social reproduction hypothesis).

These theories predict very different patterns
in the association between social background and
academic success as economic development in-
creases: weakening associations by the rising mer-
itocracy hypothesis, strengthening associations by
the marginalized families hypothesis, and no
change in associations by the social reproduction
hypothesis. In this article, we explore how the ef-
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fect of two social background indicators—parents’
education and family structure—are associated
with national levels of economic development. To
do this, we conducted two sets of analyses: (a) we
estimated ordinary least squares (OLS) regression
models using the same independent and control
variables for each nation, and (b) we used hier-
archical linear modeling (HLM) to estimate inter-
action effects between individual-level and nation-
level factors. Both sets of analyses include
controls for adolescents’” academic ability and ori-
entation toward mathematics. We are particularly
interested in whether the effects of both social
background variables are similarly associated with
economic development, providing consistent sup-
port for one of the theories discussed above.

METHODS

The Sample

TIMSS, a large and comprehensive international
comparative study of mathematics and science
achievement, was conducted by the International
Association for the Evaluation of Educational
Achievement (IEA) in the latter part of 1994
through 1995. For these analyses, we used the
TIMSS Population 2 component, which consists
of about 250,000 students in the two grades en-
rolling the largest percentages of [3-year-olds,
usually Grades 7 and 8, from more than 40 na-
tions. (For information on the other TIMSS pop-
ulations, see Robitaille & Garden, 1996.) This
group was selected because middle-school edu-
cation is usually compulsory, almost universal,
and relatively undifferentiated in the participating
nations (Robitaille, 1997) and the respondents are
old enough to provide reasonably reliable infor-
mation on their social background and educational
experiences. The sample used in this article con-
sists of respondents from the 34 TIMSS nations
that collected information about participants’ fam-
ily structure and parents’ education. The final
sample consisted of 219,402 students, with an av-
erage of 6,453 per nation. Table 1 lists the nations
used for these analyses and their sample sizes.
TIMSS used a two-stage stratified cluster sam-
ple design. First, in each nation at least 150
schools were sampled with a probability propor-
tionate to their enrollment and stratified by factors
such as geographic region and public or private
sector. In the second stage, at least one classroom
of students at each of the two grade levels were
randomly sampled from each school. For this ar-

—
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TABLE 1. REGIONAL CLASSIFICATION, GDP LEVEL AND
RANK, AND SAMPLE SIZE FOR 34 NATIONS

GDP

————— Sample
Region /$1,000 Rank  size
European
Austria (AUT) 2038 10 4,993

Belgium (Flemish speaking) (BFL) 20.70 9 5,341
Belgium (French speaking) (BFR)  20.70 8 4228

Switzerland (CHE) 24.10 2 10,602
Germany (DEU) 1949 13 5,065
France (FRA) 20.18 12 5,230
Ireland (IRL) 15,53 20- §;539
Netherlands (NLD) 1894 14 3,652
Scotland (SCO) 1836 16 5,048
Scandinavian
Denmark (DNK) 20.94 6 3,677
Iceland (ISL) 2021 11 3,128
Norway (NOR) 20.95 5 4886
Sweden (SWE) 18.08 17 7,531
Immigrant
Australia (AUS) 1878 15 11,824
Canada (CAN) 20.94 7 15,017
Israel (ISR) 16.70 18 1,210
New Zealand (NZL) 16.65 19 6,026
United States (USA) 26.15 1 9,988
Mediterranean
Spain (ESP) 1421 21 7,072
Greece (GRC) 1150 23 6,949
Portugal (PRT) 1242 22 5919
Baltic/Central European
Czech Republic (CSK) 935 26 6.338
Hungary (HUN) 6.45 27 5410
Lithuania (LTU) 399 31 4,062
Latvia (LVA) 336 33 4221
Slovak Republic (SLV) 6.27 28 6,780
Eastern European
Romania (ROM) 398 32 6,637
Russian Federation (RUS) 450 30 7,030
Slovenia (SVN) 1020 25 5,228
Industrialized Asian Pacific
Hong Kong (HKG) 2220 4 6,341
Korea (KOR) I1.15'. 24 $.712
Singapore (SGP) 2288 3 8,133
Nonindustrialized Southern
Asian Pacific
Philippines (PHL) 3.10 34 10,126
Thailand (THA) 5.83 29 10459

ticle, the data were weighted to account for the
complex sample design and to adjust for nonre-
sponse. We used the house weight, which stan-
dardizes within nations students’ probabilities of
participating such that the weighted and actual
sample sizes arc the same (Gonzalez & Smith,
1997).

National Characteristics

These analyses focused on whether nations’ levels
of economic development are related to interna-
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tional variation in the relationships between math-
ematics achievement and adolescents’ social back-
ground. Our measure of economic development
was the per capita gross domestic product (GDP),
obtained from The World Development Indicators
1998 CD-ROM published by the World Bank.
GDP estimates ““the total output of goods and ser-
vices for final use within the domestic territory of
a given country.” The unit of measurement is in-
ternational dollars, which have the same purchas-
ing power as dollars in the United States. For
these analyses we rescaled the variable, which has
a mean of 3.10 and standard deviation of 6.973,
to be $1,000 per capita. Table 1 shows each na-
tion’s GDP level and rank within the 34 nations
used for this study.

Nations with similar levels of economic devel-
opment, however, can vary dramatically in the de-
mographic, political, and cultural characteristics
that may also atfect the relationship between ad-
olescents’ social backgrounds and academic
achievement. For our first set of analyses, results
were obtained separately for each nation, as is fre-
quently done in other cross-national studies of ac-
ademic achievement (for example, see Baker et
al., in press: Peak, 1996; Stevenson & Baker,
1991).

However. we developed a classification scheme
to at least partially control for nation-level differ-
ences related to geographic region and historical
similarities in the HLM analyses. We initially con-
sidered grouping nations similarly to the cight re-
gional classifications used by Schmidt, Raizen,
Britton, Bianchi, & Wolfe (1997) to indicate geo-
graphic, historic, and cultural proximity of nations
participating in TIMSS. This scheme reflects
broad cultural differences, such as the Confucian
philosophy of many Asian Pacific nations com-
pared to the Judeo-Christian philosophy of Euro-
pean nations. However, we felt that some of the
larger groupings of nations failed to reflect clear
cultural, linguistic and climatic differences within
the group. For example, among nations often re-
ferred to as Western Europe, we felt that the Nor-
dic heritage of Scandinavian nations contrasts
sharply with the Latin heritage of Mediterranean
nations. Similarly, we divided Asian Pacific na-
tions into two groups—industrialized and nonin-
dustrialized—because the dramatic differences in
GDP failed to staustically account for differences
in average test scores between the two groups. A
review of rescarch by Buchmann & Hannum
(2001) suggests that expansion of educational op-
portunities had a very different impact on the as-
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sociation between social background and educa-
tional attainment in each Asian Pacific group.

We also differed from Schmidt et al. (1997) by
grouping together Australia, Canada, Israel, New
Zealand, and the United States as immigrant na-
tions because they share the common character-
istics of (a) the vast majority of population mi-
grated to each from another geographic area
within the last 200 years, and (b) being former
British colonies or having had close ties to Britain
at one time. We hypothesized that the relatively
young social structures of these nations might be
related to weaker associations between social
background and academic achievement. A simi-
larly weak relationship might be expected in for-
mer Soviet Union nations because Socialist gov-
ernment policies were intended to eliminate social
class differences. Additionally, however, we sep-
arate these nations into two groups—Baltic-Cen-
tral European nations and Eastern European na-
tions—to reflect cultural differences associated
with proximity to Western Europe. The final eight
nation groupings used in the HLM analyses are
shown in Table 1.

Dependent Variable: Mathematics Achievement

The dependent variable in these analyses was
mathematics achievement, which is based on ad-
olescents’ performance on a test administered as
part of TIMSS to measure their mastery of the
established mathematics curriculum common in
most nations. Participants’ total test scores were
imputed using Item Response Theory from their
responses on the subset of items in their test book-
lets and the performance of other participants on
those and other items (Gonzalez & Smith, 1997).
The test scores were standardized with a mean of
500, a standard deviation of 100, and a maximum
possible score of 1,000. (For comparisons of in-
ternational differences in academic performance
on the TIMSS achievement tests, see Peak, 1996.)

Independent Variables: Family Structure and
Parents’ Education

Participants’ reports of the highest level of edu-
cation achieved by either of their parents were
used here as the indicator of their families’ socio-
economic status. The variable had five categories,
ranging from | = finished primary school to 5 =
finished university. Preliminary analyses showed
a reasonable linear trend in average mathematics
achievement across the five categories in all the
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nations, so the measure was used as a scale vari-
able here. If adolescents either did not know their
parents’ education level or did not respond to the
question, this variable was coded as the average
parents’ education for their nation and a dummy
variable indicating missing values on this variable
was coded as 1. Because TIMSS provided no in-
ternationally comparable measure of family in-
come, parents’ education was used in these anal-
yses as a measure of both human and financial
capital available in a family.

For these analyses, the indicator of family
structure was based on adolescents’ reports of the
adults living in their household. The variable was
coded as | when adolescents reported they were
living with both their mother and father, and cod-
ed 0 if they were living with only one or neither
of their parents. We decided to use this dichoto-
mous indicator because (a) several nations did not
include questions concerning stepparents or other
adults living in the household, (b) supplementary
analyses using indicators for various types of non-
traditional families produced substantively iden-
tical findings, and (c) the coefficients for one in-
dicator variable were easier to compare across
nations in both the OLS and HLLM analyses be-
cause they indicated the average difference in
mathematics test scores between adolescents liv-
ing in traditional compared to those in nontradi-
tional families.

Control Variables

In these analyses, we included as control variables
measures of adolescents’ academic ability, reflect-
ed in their relative educational progress, innate
talent, and orientation toward schooling and math-
ematics. Because of the sampling structure of
TIMSS, students’ age and year in school (grade
level) must be taken into account when comparing
mathematics test scores both within and across na-
tions. We used students’ scores on the TIMSS sci-
ence test and their level of agreement with the
statement ‘I usually do well in mathematics™ as
proxy measures for academic talent because
TIMSS did not include any measures of students’
prior achievement, such as earlier test scores or
grades. Our measures of students’ attitudes toward
mathematics were based on their reports of the
number of hours they spent studying mathematics
each day outside of school and how much they
liked the subject. Gender, which is often related
to performance in mathematics, was also included
as a control variable in the models. Using these

—
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control variables dramatically reduced the unex-
plained variation in mathematics test scores,
which were strongly correlated with science
scores in all nations. This means that the coetti-
cients for the social background variables reflect-
ed the relative effect on mathematics achievement
of having more educated parents or living with
both parents after taking into account individual
differences in academic ability and attitudes to-
ward mathematics.

Analysis Techniqgues

The question of whether the relationships between
mathematics achievement and adolescents’ social
backgrounds vary across nations requires a mul-
tilevel analytic strategy. The first sct of analyses
presented in this article explored the differences
across nations in the effects of parents’ education
and family structure by estimating the same OLS
regression model separately for each of the 34 na-
tions. Comparing the coefficients across nations
ranked by GDP provided a first look for trends in
the effect of sociul background associated with in-
creasing levels of economic development. Com-
parisons using a wide variety of other nation clas-
sification strategies are also possible using this
approach.

The second set of analyses statistically mod-
eled differences in the coefficients for these family
background variubles using HLM, a common
technique for analyzing data from cluster samples
(in this case, students nested within nations). that
allows simultaneous consideration of factors from
two levels of analysis (Bryk & Raudenbush,
1992). HLM uses an iterative process to alternate-
ly estimate regression models within each cluster
(Level 1) and equations modeling the ditferences
in the Level | coefficients between the clusters
(Level 2).

The student-level (Level 1) model for this anal-
ysis is shown in Equation 1, where 3, to 3, were
the coefficients for the individual characteristics
within each nation. The term e, provided a mea-
sure of the random error, which included unmea-
sured sources of variation, in a particular student’s
outcome. For our HLM analyses, each student-
level variable was centered around its grand mean
for the entire sample to allow the intercepts (§3,,)
to be intcrpreted as the mean mathematics test
score adjusted for the characteristics of students
in each nation (Bryk & Raudenbush, 1992). The
Student-level model (Equation 1) is as follows:
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TABLE 2. HLM ANALYSIS OF INTERNATIONAL DIFFERENCES IN MIDDLE SCHOOL STUDENTS' MATHEMATICS TEST
SCORES IN 34 NATIONS

Model I Model 11
Fixed Effects Coefficient (y,,) SE Coefficient (vy,,) SE
Adjusted mean
Intercept (yq) 512.314%** 5.715 512.3] 1#x 2.809
GDP (vy) 1.175% 464
Immigrant (y,,) —36.110% 11.180
Mediterranean (vy,) 3.854
Industrialized Asian Pacific (y,,) 5.048
Students’ social background
Pz_irgms education (vy,,) 337 336
Living w/both parents (v,,) 851 p
§ .88 573
GDP (v,,) 071
Eastern European (y,,) 1.414
Control variables (y;—Ys0)
Age 1.450 —8.502%%* 1.448
Grade level 1.920 25.353%x% 1.913
Science test score .009 46 .009
Good in math 1.510 18.69 1.511
Hours study 871 .869
Likes math 611 610
Male 768 .768
Missing parents’ education 7132 730

Variance Components

Between nations®
Intercept (i,
Parents’ education (u,,)
Living w/both parents (u,,)
Within nations (e,)

4,622.494

4,622.560

Note: GDP = gross domestic product.

“The test for significant variation in the error components (u,,) follows ¢

calculated as described in Bryk & Raudenbush (1992).
*p < .05 ¥p < .01, ¥4p < 001,

Y, = By T B,(Parents’ Education,)
+ B, (Family Structure;)
+ B, \o(Control Variables,) + ¢, (1)

For the model, the control variables were set
to have the same effect for all nations and were
not modeled on the nation level (Level 2). Prelim-
inary analyses indicated that in TIMSS, the as-
sociation between adolescents’ mathematics and
science test scores did not vary significantly be-
tween nations. These analyses also showed that
the student-level coefficients for age, grade, and
studying hard were strongly correlated, requiring
that the effects of these three variables not be al-
lowed to vary (i.e., should be fixed) across nations
for proper estimation of the HLM models (Bryk
& Raudenbush, 1992). Although the student-level
coefticients for the other control variables varied
significantly between the nations, we decided to
also fix these effects because the goodness-of-fit

chi-square distribution with the test statistic

measure was decreased by less than . 1% using this
more parsimonious HLM model. This procedure
also did not affect our results because (a) varia-
tions in the control variable coefficients were not
related to GDP and (b) fixing these effects did not
significantly change the size or the significance
levels of coefficients for the social background
variables. Results for this student-leve] model be-
fore entering any nation-level variables are shown
in the column labeled Model I in Table 2.

The nation-level (Level 2) model estimated the
extent to which variations in the student-level co-
efficients for individuals’ social background were
related to GDP, controlling on regional classifi-
cation. Equation 2 shows the general model for
estimating these relationships, in which nation-
level intercepts (v,,) were the average coefficient
for either the intercepts (adjusted means) or social
background variables across nations. The term u,;
was a measure of the error in estimation of the
student-level coefficients for each nation. The co-
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efficients for the national characteristics (vy,, to
v;,) were adjustments to, or interactions with, the
average student-level coefficients. The relation-
ship between a social background variable and
mathematics achievement was amplified when the
coefficients for the average effect and interaction
term were in the same direction. The nation-level
model (Equation 2) is as follows:

BL,‘: Yo T Yu(GDP) +y,, \("(’g’-(”l,,)Jr’lA, (2)

Initially, we used the same nation-level model
(as shown in Equation 2) that included GDP and
all the region indicators as predictors of the co-
efficients for the intercepts and each social back-
ground variables. To develop a parsimonious final
model, however, we gradually eliminated from our
models for each student-level coefficient terms for
national characteristics that were not statistically
significant. Thus, the nation-level model differed
for the intercept, the effect of parents’ education,
and the effect of family structure. This procedure
did not affect the results for any particular vari-
able given the high (over .80) reliability indicators
for the student-level coefficients. The combined
model estimated in the final HLM analyses (Mod-
el II in Table 2) is shown in Equation (3):

Y, =Yoot Yo(GDP)+ vy, [(region,) + u,]
+ [y, + u,|(Parents’ Education,)
+ V20 + Y2 (GDP) +v,, [(region))
+ u,,)(Family Structure,)

+ [Vs0_10l(Control Variables,) + e, (3)

RESULTS

The purpose of these analyses was to determine
whether the relationships between various aspects
of adolescents’ social background and mathemat-
ics achievement varied across nations and to ex-
plore whether these variations were related to in-
ternational differences in economic development.
To get a preview of these relationships, we esti-
mated for each nation an OLS regression model
using the same variables for cach nation. Figure
| shows the 99% confidence intervals (p < .01)
for family structure coefficients from each of the
34 nations, ordered by GDP rank. Showing the
estimated margin of error, confidence intervals
crossing the zero line indicate that the coefficient
was not statistically significant at & = .0l. Also,
overlapping ranges of confidence intervals for two

—

737

countries indicates that the two coefficients were
not statistically different from each other at p <
.01.

The trends in Figure 1| suggest that the effect
of family structure on mathematics achievement
varied systematically between nations, controlling
on parents’ education and academic ability. For
Just under 60% of the nations. the 99% confidence
intervals for the adjusted average difference in
mathematics test scores between adolescents in
traditional compared to those in nontraditional
families included zero, indicating that the coeffi-
cients were not statistically significant at o« = .01.
However, Figure 1 shows that the family structure
coefficients tended to be larger in nations with
higher GDPs. None of the coefficients for the 10
nations with the lowest GDPs were statistically
significant. In contrast, six of the coefficients for
the 10 nations with the highest GDPs were statis-
tically significant and positive. This suggests that
the advantage of living with both parents was
larger in nations with stronger economies. How-
ever, many of the confidence intervals overlapped,
indicating that this pattern may have occurred by
chance.

In contrast, all but one of the 99% confidence
intervals for parents’ education in Figure 2 did not
include zero, indicating children with more edu-
cated parents tended to perform better on the
mathematics test in almost all of the nations. Can-
ada was the exception, although the coefticient for
this nation was statistically significant at the 95%
confidence level (p < .05). Also, except for the
extreme cases of Hungary and the Philippines,
most of the confidence intervals for the other na-
tions overlapped each other, suggesting that they
were not statistically different {rom each other (p
< .01). In addition, the figure does not show any
clear pattern in the relationship between parents’
education and mathematics achievement across
GDP rank.

We used HLM to statistically test whether in-
ternational variation in the relationships between
academic achievement and Tamily structure or
parents’ education were significantly related to
GDP The results of these analyses are contained
in Table 2, with coefficients for the student-level
variables of interest and national characteristics
shown in the top panel (fixed effects). The middle
panel contains the coefficients for the control var-
iables and the unaccounted-for varation in math-
ematics test scores is shown in the bottom panel
(variance components). The coefficient for grade
level (25.350) is used for discussion purposes in
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FIGURE 1. 99% CONFIDENCE INTERVALS FOR OLS REGRESSION COEFFICIENTS FOR FAMILY STRUCTURE IN 34 NATIONS,
RANKED BY GDP
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this article as an estimate of the average expected
gain in mathematics test scores for one school
year among these 34 nations. Model [ was a ran-
dom coetficient model that was used to estimate
the percentage of variation in individual mathe-
matics test scores that occurred across nations
(Bryk & Raudenbush, 1992). Model I examined
whether variations in the student-level coefficients
for these variables were related to GDP.

The results for Model I were consistent with
research on mathematics achievement in the mid-
dle grades. Overall, adolescents with more edu-
cated parents or living with both parents tended
to earn higher scores on the mathematics test. For
each additional level of education their parents ob-
tained, adolescents scored an average of 7.294
points (about 28.8% of a year’s gain) higher on
the test. On average, adolescents living with both
parents scored 5.662 points (about 22.3% of a
year) higher on the test than those living in non-
traditional families. These results suggest that ad-
olescents’ social backgrounds significantly influ-

enced their mathematics achievement, even after
taking into account their academic ability and ori-
entation toward schooling.

However, as shown in the bottom panel of Ta-
ble 2, there was statistically significant variation
in Model I across nations in the relationships be-
tween adolescents’ mathematics achievement and
social background. Almost 20% [(1,100.549 +
6.623 + 24.631)/(1,100.549 + 6.623 + 24.631 +
4,622.494)} of the unaccounted for variation in
mathematics test scores occurred between nations,
most of which was associated with differences in
nations’ average mathematics test scores (i,,).
However, statistically significant amounts of un-
explained variation in mathematics test scores
were related to differences across nations in the
relationships between mathematics scores and par-
ents’ education (u,;) or family structure (u,).

To determine whether variation in the effects
for family structure and parents’ education were
related to economic development, we added in-
dicators for GDP and region to the analyses. Only
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FIGURE 2. 99% CONFIDENCE INTERVALS FOR OLS REGRESSION COEFFICIENTS FOR PARENTS’ EDUCATION IN 34
NATIONS, RANKED BY GDP
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terms for nation-level variables with statistically
significant effects on student-level coefficients
were include in Model I1. First, even taking into
account differences in adolescents’ social back-
grounds along with their academic ability and ori-
entations, more economically developed nations
tended to have somewhat higher average mathe-
matics test scores. In addition, adolescents in in-
dustrialized Asian Pacific nations tended to earn
higher average mathematics test scores, and those
in immigrant and Mediterranean nations earned
lower average scores compared to those in other
nations. The results in the bottom panel indicated
that over 76.6% [.766 = (1,100.549—257.835)/
1,100.549] of the previously unexplained varia-
tion in the adjusted mean mathematics tests scores
between nations was accounted for by GDP and
the three region indicators.

Second, as indicated by their absence from
Model 11, none of the nation-level variables was
significantly related to variation in the effect of
parents’ education on mathematics achievement,
reflecting the lack of systematic ditferences sug-
gested earlier in the OLS analyses. Future analy-

ses may identify other national characteristics that
account for differences in the effect of parents’
education, but sampling or measurement error
may also have created the appearance of interna-
tional variation in this relationship.

Finally, the trend in the relationship between
family structure and mathematics achievement
seen in Figure 1 was confirmed by Model II. The
relative advantage of living with both parents was
significantly larger in nations with higher GDPs.
A one standard deviation change in GDP was es-
timated to strengthen the relationship between
family structure and mathematics achievement by
just over 47% [471 = (.392%6.973)/5.801]. This
change was equivalent to adding about a tenth of
a year [.108 = 2.733/25.350] to the adjusted av-
erage difference in mathematics scores between
the two types of families per standard deviation
change in GDP. The results also indicated that
there was virtually no difference (i.e., 5.801 —
6.370 = —0.569) in average mathematics test
scores between adolescents living in traditional
and nontraditional families in Eastern European
nations, after taking into account differences in
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parents’ education and adolescents’ academic
ability. Together, GDP and region accounted for
almost 60% [.59 = (24.631—10.094)/24.631] of
the variation in the relationship between family
structure and mathematics test scores. These re-
sults suggest that, like average levels of achieve-
ment, the relative advantage of living with both
natural parents was related to nations’ level of
economic development.

DISCUSSION

In summary, our results suggest that the influences
on mathematics achievement of some aspects of
adolescents’ social background are more sensitive
than others to national economic conditions. Tak-
ing into account individual differences in academ-
ic ability and orientation toward schooling, both
parents’ education and living in traditional fami-
lies were positively related to higher mathematics
test scores in these 34 nations participating in
TIMSS. However, we found no discernable pat-
tern across nations in the effect of parents’ edu-
cation on middle-school students’ mathematics
achicvement related to national levels of econom-
ic development. In contrast, both our OLS regres-
sion analysis and HLM results suggest that the
effect of family structure was significantly stron-
ger in nations with higher GDPs. Other HLM
analyses (not presented here) indicated that, al-
though still significantly lower than those living
with both parents, adolescents living with only
one parent tended to have higher mathematics test
scores than those living with a stepparent or nei-
ther of their natural parents. However, the relative
disadvantage of living in a nontraditional family,
regardless of the type, was significantly greater in
more atfluent countries.

One weakness of TIMSS is that the informa-
tion on family structure is limited to adolescents’
reports of who lives in their houschold. Analyses
of differences in academic achievement related to
the processes leading to fiving in a nontraditional
family, such as reasons for and timing of single
parenthood, are not possible with TIMSS. Al-
though the proportion of adolescents living with
both parents is not significantly correlated with
GDP among TIMSS nations, the likelihood of a
single parent being divorced or never-married may
be related to a nation’s level of economic devel-
opment. If single mothers in less developed na-
tions tend to be widows, then the lack of signifi-
cant differences related to family structure may be
the result of greater amounts of material support
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widows tend to receive from family members
compared to divorced or never-married mothers
(Pong, 1996).

Another weakness of TIMSS is the relatively
small number of developing nations, especially in
Latin America and Africa. where the process of
educational stratification may be very different
than in industrialized regions (Buchmann & Han-
num, 2001). These are also nations where signif-
icant numbers of 13-year-olds from poor families
may be unable to attend school. Although the
TIMSS nations tend to be relatively affluent, they
do vary in many other ways that might impact
academic achievement and educational stratifica-
tion. The groupings used in this article were most-
ly based on geographic region, which captures
only gross differences related to location and
some very broad historical patterns. Better indi-
cators of these nations’ cultural and political dif-
ferences, especially relating to provision of social
services and school systems, are needed. Such
measures may be particularly useful in three-level
HLM models exploring the relative contribution
of classroom resources to adolescents’ academic
achievement, which may be affected by systemic
features such as teacher certification requirements,
degree of centralization, and types of assessments.
We used a two-level model for our analyses here
because we are testing macro-level hypotheses
about the effect of GPD on the relationship be-
tween academic achievement and social back-
ground.

Our results provide no support for the meritoc-
racy hypothesis proposed by classic moderniza-
tion theory because the influence of social back-
ground on mathematics achievement did not
weaken as economic development increased. As
we do here, analyses of international data consis-
tently find higher levels of average academic
achievement and educational attainment in more
economically developed nations than in less de-
veloped nations (e.g., Baker et al., in press: Hey-
neman & Loxley, 1983). However, we find no ev-
idence that, among highly developed nations,
expanded educational opportunities decreased the
influence of social background. increasing the im-
portance of individual motivation and ability, in
the process of educational stratification.

Our results for tamily structure do support the
hypothesis that greater economic development
marginalizes the role of families in society, in-
creasing the influence of intangible social resourc-
es in the process of educational stratification. The
greater relative advantage of living with two par-
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ents in more developed nations suggests an in-
creasing importance of parents’ strategic invest-
ments of time and attention for their children’s
academic success (Coleman, 1990; Heyneman &
Loxley, 1983). The demands single and remarried
parents have on their time and energy may cause
these intangible resources to be especially lacking
in nontraditional families in these nations (Mc-
Lanahan & Sandefur, 1994). In addition, industri-
alized nations tend to have more geographically
mobile populations and smaller families, reducing
the availability of these social supports and other
intangible resources through extended family or
community networks (Buchmann & Hannum,
2001). In the United States and Sweden, even af-
ter taking into account social status, a significant
amount of the disadvantage of living in a nontra-
ditional family is related to a higher likelihood of
residential mobility (Cochran et al., 1993). Further
cross-national research is needed to determine
whether social policies, such as providing quality
daycare or housing assistance, will mitigate the
academic problems of adolescents from nontradi-
tional families.

In contrast, the relative similarity of the effect
of parents’ education on mathematics achicvement
across nations supports the social reproduction hy-
pothesis that elites will use the educational system
to pass their social status on to their children. Re-
gardless of national context, more educated par-
ents appear to be able to provide their children
with academic and social supports important for
educational success. These parents also have ac-
cess to a wide variety of economic and other re-
sources that can be drawn upon to help their chil-
dren succeed in school.

What may differ between nations, however, is
the importance of particular internal supports and
external resources in the process of social class
reproduction. Educational and social policies, for
example, may reduce the relative advantage of
having rich parents by equalizing access to
schooling and standardizing opportunities for
learning (Jonsson, Mills, & Muller, 1996; Steven-
son & Baker, 1991). However, more educated par-
ents can still draw on their social and cultural cap-
ital to create more positive and supportive
relationships with schools and teachers, which in-
fluence their adolescents’ academic success
(Cochran et al., 1993; Ho, 2000). Although diffi-
cult with TIMSS, separate indicators for parents’
education and family income would permit inter-
national comparisons of the importance of human
capital compared to financial capital as predictors
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of adolescents’ academic success. Such analyses
could explore whether variation in the particular
strategic investments made by more educated par-
ents is associated with the broader societal con-
texts.

In conclusion, we expect that efforts to assist
adolescents from nontraditional families to
achieve at the same levels as those living with
both of their parents will be more effective than
policies designed to reduce social class inequality.
In less developed nations, children’s academic
performance does not appear to be related to the
type of family in which they live. This finding
suggests to us that concerns that the rising number
of single parents are a cause for the relatively poor
academic performance of American adolescents
are misplaced. The problem is more likely related
to larger cultural and demographic trends associ-
ated with economic development that create dif-
ficulties for adolescents regardless of whether they
are living in a nontraditional family or not. How-
ever, the complex roles families play in adoles-
cents’ academic achievement means that success-
fully reducing differences related to family
structure may not address more deeply ingrained
inequality related to social class.
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The research was supported by a postdoctoral fellow-
ship at the Institute for Educational Initiatives at the
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expressed in this article are those of the authors. Earlier
versions of this article were presented at annual meet-
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